Background and Objectives: The goal of this study is to obtain updated surveillance statistics for hysterectomy procedures in the United States and identify factors associated with undergoing a minimally invasive approach to hysterectomy.
INTRODUCTION
Hysterectomy is the most common nonobstetric surgical procedure among women. As such, it is imperative to continue evaluating trends in the performance of this procedure, including factors associated with undergoing different modes of hysterectomy. Many guidelines have been published regarding the optimal manner in which to perform hysterectomy, with both the American Congress of Obstetricians and Gynecologists and the American Association of Gynecologic Laparoscopists endorsing a minimally invasive approach whenever feasible. 1, 2 Although the benefits of minimally invasive hysterectomy are well documented, 3 the available literature shows that the vast majority of hysterectomies in the United States are not performed in this manner. 4, 5 Using the 2005 Nationwide Inpatient Sample (NIS), Jacoby et al 4 reported that 518 828 hysterectomies were performed for benign indications that year, 64% abdominally, 14% laparoscopically, and 22% vaginally. Prior work with the 2003 NIS also showed that most hysterectomies were performed abdominally; during that year, 538 722 hysterectomies were undertaken for benign disease, 66.1% abdominally, 11.8% laparoscopically, and 21.8% vaginally. 5 Following the introduction of the robotic surgical platform for gynecologic procedures in 2005, the impact of roboticassisted surgery has also been examined regarding its effect on the mode of access for hysterectomy. Wright et al 6 queried the Perspective database (an all-payer, feesupported database that represents approximately 15% of all the hospital discharges in the United States) to identify Ͼ200 000 benign hysterectomy cases between the years Given the evolving trends in technology and training, it is critical to maintain an understanding of factors affecting the mode of hysterectomy. The aim of this study is to use a national database to obtain updated surveillance statistics for hysterectomy procedures as of 2009 in the United States. Specific outcomes to be investigated include the proportion of hysterectomies being performed by each route (abdominal, vaginal, laparoscopic, robot assisted), as well as clinical and demographic characteristics associated with undergoing minimally invasive hysterectomy on the national level.
MATERIALS AND METHODS
The 2009 NIS was used to perform a cross-sectional analysis of all hysterectomies performed in the United States during that year. 7 Managed by the Agency for Healthcare Research and Quality, the NIS is a 20% stratified random sample of discharges from all nonfederal, short-term hospitals in the United States. As such, it represents 90% of all hospitals and is the largest national all-payer database of hospital discharges. The database includes medical and demographic variables, as well as information about hospital characteristics and total charges. The 2009 dataset contains data on 7 810 762 discharges from 1050 hospitals in 44 states. This study was deemed exempt by the local institutional review board.
Patients who underwent a hysterectomy procedure of any type during their hospitalization were identified by procedure coding corresponding to International Classification of Diseases 8 and 68.9) . Although robotically assisted hysterectomy cases do not possess an individual procedure code, these cases were identified using ICD-9-CM codes for robotic assistance during a surgical procedure (codes 17.41-17.44 and 17.49). Of note, the vast majority of these cases (88%) were colabeled as laparoscopic hysterectomies; however, 9% of the robotic-assisted cases were also coded as abdominal procedures, with the remainder coded as vaginal or other. Although it was unclear whether the cases coded as both robotic and abdominal/vaginal procedures represented conversions or were misclassified, we chose to treat all cases coded with modifiers for robotic assistance as a separate category of hysterectomy. Key variables that were abstracted from the dataset included the following: concomitant adnexal or tubal surgery (ICD-9-CM codes 65. 3 ); age; race; payer; median household income; region of country; urban-rural location; hospital teaching status; hospital bed size; percent of all hospital operations performed on an outpatient basis; severity of illness; comorbidity measure for obesity; length of hospital stay; and total hospital charges. Female patients were excluded if they were aged Ͻ18 years or had undergone a cesarean hysterectomy. Regions of the country were defined using US census designations as coded by the NIS.
The NIS sampling design consists of a stratified, singlestage cluster sample. Details on the sampling scheme can be found elsewhere. 7 In brief, a stratified random sample of hospitals (clusters) was drawn, and all discharges were included from each selected hospital. There are 60 strata defined by region (North, South, East, West); location (urban, rural); teaching status; bed size category (small, medium, large); and ownership (public, private nonprofit, private for profit). The sample weights are provided in the NIS dataset and are calculated within each stratum as the ratio of total discharges that were eligible for sampling to discharges in the sample. Because of the sampling design, weighted analyses were carried out using the survey analysis procedures in the SAS program, version 9.2 (SAS Institute, Cary, North Carolina).
Among women who had hysterectomies for benign indications, odds ratios and 95% confidence intervals were calculated using logistic regression analyses to estimate the associations between patient and hospital characteristics and risk of minimally invasive surgery (defined as either laparoscopic, vaginal, or robotic) compared with abdominal hysterectomy. One multivariate model was run with all predictors included. Although most variables had no or only small amounts of missing data (0.3%-2% for median household income, urban-rural location, primary payer, percent of all operations performed on an outpatient basis, hospital teaching status, and bed size), the race classification was missing for 14% of the sample. To prevent variables with missing values from being dropped from analyses, we assigned missing indicators and in-cluded these indicators in the regression models. Only the odds ratio (95% confidence interval) for the race missing indicator is shown in the results.
RESULTS
Based on analysis of the analysis of the 2009 NIS, 479 814 hysterectomies were performed in the United States that year, 415 404 (86.6%) of which were performed for benign indications. Table 1 shows the frequency of each procedure type among all hysterectomies and stratified by those performed for benign and malignant conditions. Among the benign cases, 53 430 (12.9%) were subtotal procedures in which the cervix was not removed. The relative proportions of the main modes of hysterectomy are shown for all cases and for benign cases in Figures 1 and 2 . Regarding hysterectomies for benign indications, 56% were completed abdominally whereas 20.4% were performed laparoscopically, 18.8% vaginally, and 4.5% with robotic assistance. As described earlier, cases coded as including robotic assistance were considered a separate category of hysterectomy that was mutually exclusive from any other procedure type. Among all hysterectomies in 2009, 26 992 were performed with robot assistance, representing 5.6% of all hysterectomy cases. Table 2 shows patient and hospital characteristics by mode of hysterectomy for all hysterectomies, as well as the benign-only subgroup. Concomitant adnexal surgery was performed in 52.9% of all benign hysterectomies and 57.2% of all hysterectomies, although within the vaginal hysterectomy groups, only 23% of cases were associated with adnexal procedures. Overall, fibroids and menstrual disorders were the most frequent indications for hysterectomy. Women who underwent vaginal hysterectomy were older and more likely to have a surgical indication of prolapse compared with those who underwent an alternate mode of hysterectomy. Black women and women in the lowest median income category more frequently underwent abdominal hysterectomies. Higher comorbidity and obesity classifications were seen in the women who underwent abdominal hysterectomy.
Regional variations in the incidence and mode of access for hysterectomy are highlighted in Table 3 . Forty percent of all US hysterectomies were performed in the South, which also had the highest incidence of abdominal hysterectomy (63.0% of all cases). Abdominal hysterectomy was performed least often in the West (50.1% of all cases). The Northeast and West had the highest incidences of the laparoscopic approach (20.7% and 22.2%, respectively), whereas the vaginal approach was most common in the Midwest (19.6%) and West (20.6%). The frequency of robotic operations was lowest in the South but was similar across other regions.
A logistic regression analysis was performed to assess factors associated with undergoing minimally invasive hysterectomy (laparoscopic, vaginal, or robotic) versus abdominal hysterectomy for benign indications ( Table 4) . Women aged Ͼ50 years had higher odds of undergoing minimally invasive surgery (P Ͻ .0001), as did women in ZIP codes with higher median household incomes (P ϭ .007 and P ϭ .009 for median income of $48 000 -$62 999 and Ն$63 000, respectively). Compared with white women, all races except Native Americans were less likely to undergo a minimally invasive hysterectomy; black, Hispanic, and Asian women had 30% to 50% lower odds of undergoing minimally invasive hysterectomies (P Ͻ .0001). Women with prolapse or menstrual disorder were more likely to undergo minimally invasive operations, whereas the indication of fibroids was associated with a higher odds of abdominal surgery (P Ͻ .0001). Concomitant adnexal surgery was associated with a 60% decreased odds of undergoing minimally invasive surgery (P Ͻ .0001). Compared to women with private insurance, women who were covered by Medicaid and who were covered by Medicaid or who were self-pay had 22% and 31% decreased odds of undergoing minimally invasive surgery, respectively (P Ͻ .0001 and P ϭ .01, respectively). In addition, compared with women in the Northeast, women in the West had 50% greater odds of undergoing minimally invasive surgery (P ϭ .02). No difference was seen regarding urban-rural location or teaching status of the hospital. Increasing severity of illness was associated with decreased odds of undergoing minimally invasive hysterectomy (P Ͻ .0001), although no effect was seen regarding obesity. Table 5 shows the data regarding cost and length of stay for hysterectomies by varying mode of access. Cost was defined as the total mean charges reported by the hospital; professional fees and noncovered charges are generally not included in this calculation, although slight reporting differences exist on a state-by-state basis. 7 Looking at the group of all hysterectomies, we found that vaginal hysterectomy had the lowest mean charge per case ($20 144) whereas robotic hysterectomy had the highest ($38 161); abdominal and laparoscopic hysterectomy costs differed by just under $2500 per case. Similar findings were seen in the benign-only hysterectomy group, although the abdominal and laparoscopic hysterectomy groups had more similar mean charges among this subset. A length of stay Ͼ1 day was markedly more common in the abdominal hysterectomy categories, with most laparoscopic or robotic hysterectomy patients being discharged on the first postoperative day.
DISCUSSION
Because hysterectomy is one of the most common gynecologic procedures, it is of the utmost importance to length of stay Ͼ1 day was most common among the abdominal cases, the robotic approach to hysterectomy was associated with a distinctly higher cost than any other mode.
The strengths of this work include the large number of patients and associated characteristics available for analysis. Along with this comes the limitation of inherent misclassification of data in a large cohort, especially when relying on ICD-9-CM codes to determine mode of surgery. This may be a particular issue regarding misidentification or underestimation of robotic-assisted laparoscopic hysterectomy cases because these were only able to be identified by use of modifier codes. Any misclassification due to coding error would presumably have been nondifferential, however. In addition, there were substantial missing data for race in this cohort. Although we used indicators for missing data to ensure that models were run on the entire dataset, we may not have been able to fully adjust for potential confounding by race because of the missing data. Compared with existing literature on the subject, unique aspects of this analysis are the inclusion of oncologic cases and comparison of the abdominal approach with any minimally invasive technique. This may provide more practical information regarding current practices and limitations as gynecologists strive to adhere to published guidelines recommending vaginal or laparoscopic hysterectomy as the primary approach. 1, 2 Our results represent both a marked decrease from prior years' analyses of annual hysterectomy volume and a notable shift in mode of surgical access. Regarding the decrease in hysterectomy volume, these findings have been echoed in a comparative analysis of US hysterectomy rates between 2008 and 2010. 8 Using the NIS, Wright et al 8 showed a peak annual hysterectomy incidence of 681 234 in 2002, with a decline to 433 621 cases in 2010. It is not clear whether these findings represent a genuine decline in surgical cases perhaps because of the increasing popularity of medical therapies or non-extirpative procedures. It is also possible that the perceived decrease in volume may reflect the continuing trend toward minimally invasive modes of hysterectomy and the accompanying opportunity for outpatient recovery. Although patients who are discharged home on the day of surgery are accounted for in the NIS, the sample does not include procedures that are performed in ambulatory surgical centers. With the shifts in care toward same-day discharge in appropriate postoperative candidates, it is possible that a larger proportion of laparoscopic or vaginal hysterectomies are being performed in ambulatory centers. 9, 10 If this is the case, then we may be underestimating not only the national hysterectomy volume but also the relative proportion of cases completed in a minimally invasive fashion.
Review of comparable analyses of the NIS from past years shows a steady increase in use of the laparoscopic approach to surgery; laparoscopic hysterectomy accounted for 12% This highlights an important consideration regarding health care cost when one takes into account the increased cost of the robotic approach to hysterectomy. Although this study design is not equipped to provide detailed cost analysis, the reported total mean hospital charges for robotic hysterectomy were 35% to 44% higher than the next most expensive mode of hysterectomy. Previous studies have also shown significantly increased cost associated with robotic hysterectomy. 6 It has been suggested that this cost may be partially offset by decreased operative time with increasing surgeon experience, as well as shortened postoperative recovery time with a minimally invasive approach; however, even when one accounts for these elements of the cost equation, robotic hysterectomy remains more expensive than laparoscopic hysterectomy. 11, 12 The findings of racial disparities in this study are consistent with the existing literature that suggests both a higher rate of hysterectomy among black women and increased odds of an abdominal approach to surgery among minority women. 13 In the analysis of the 2005 NIS data by Jacoby et al, 4 minority women were found to have 40% to 50% lower odds of undergoing laparoscopic hysterectomy when controlling for other baseline factors and surgical indication. Our findings show that black, Hispanic, and Asian women have a 30% to 50% decreased odds of undergoing minimally invasive hysterectomy (including not only laparoscopic but also vaginal or robotic approaches). Prior work also supports the associations found between income, region, and payer and the mode of hysterectomy. 4, 14 
CONCLUSION
Although our findings show a promising shift toward minimally invasive approaches to hysterectomy (particularly laparoscopic and robotic), important racial, socioeconomic, and regional disparities exist. Increased awareness and training in minimally invasive techniques may help offset some of these barriers to care. As robotic hysterectomy becomes increasingly prevalent, consideration of cost containment will become more important. Future analyses of ambulatory surgical center data may lend additional insight into these and other issues surrounding hysterectomy surveillance. Table 5 .
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